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Assisted bicaval venous drainage was accomplished with a
percutaneous internal jugular 17F and a 23F femoral venous
Bio-Medicus cannula (Medtronic Bio-Medicus, Eden Prairie,
Minn). Arterial inflow was established via a transverse 2-cm
groin incision. A 5-cm right inframammary incision in the
fourth intercostal space was used. The pericardium was
incised ventral to the phrenic nerve. A transthoracic aortic
clamp (Scanlan International, Minneapolis, Minn) was placed
through the third intercostal space. We have performed more
than 120 manual videoscopic mitral valve operations safely
by similar methods.3
Reconstructive mitral valve procedures require access,
vision, and dexterity. Despite meteoric technical advances,
surgeons remain reluctant to perform minimally invasive car-
diac operations. Two-dimensional vision remains the major
impediment to endoscopic cardiac operations. Additionally,
small incisions result in a rotational axis for longer instru-
ments, increasing tremor and diminishing accuracy. Robotic
surgical instruments emulate the 7 degrees of freedom in the
human wrist. In Europe, robotic devices have been used to
repair mitral valves and perform coronary surgery safely.1,2
Herein, we describe a complex mitral valve repair done in
North America, with the use of an articulated “wrist” robot.
Patient preparation and perfusion methods. After institu-
tional review board and Food and Drug Administration–
Investigational Device Exemption protocol (#G000023)
approval, informed consent was obtained from a 69-year-old
woman with severe mitral insufficiency (class IV of the New
York Heart Association). She had a 1.5-month history of atrial
fibrillation. A transesophageal echocardiogram showed severe
mitral insufficiency and a large P2 prolapse, secondary to rup-
tured/redundant chordae. The left ventricular ejection fraction
was 55%, and the coronary arteries were normal.
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Fig 1.  The da Vinci Surgical System: surgeon’s console.
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Robotic mitral repair technique and results. After car-
diac arrest and valve exposure, trocars were placed in the
third and fifth intercostal spaces to deliver intra-atrial
mechanical wrists containing needle holders, scissors, or tis-
sue graspers. The 1-cm 3-dimensional camera was placed
through the incision. The primary surgeon moved to the oper-
ative console 10 feet away (Fig 1). A second surgeon
remained as the patient-side assistant. The limits of the flail
segment were determined. By master console telemanipula-
tion of robotic scissors, the flail segment with abnormal chor-
dae was extirpated trapezoidally. Annular closure,
intraleaflet, and annuloplasty sutures were placed by means
of the da Vinci Surgical System (Intuitive Surgical, Inc,
Mountain View, Calif). Annular compression sutures
decreased the defect length, which was approximated by
means of 2 “figure-of-8” 2-0 braided sutures. The leaflet
defect was closed with 6 monofilament 4-0 sutures. Leaflet
edges of P1 and P3 were reduced to the normal annular plane
(Fig 2). A 28-mm Cosgrove Annuloplasty Band (Edwards
Lifesciences LCC, Irvine, Calif) was lowered into the atrium
with 7 sutures pre-threaded and stabilized by a “tip-embed-
ding” technique. Sutures were detached serially, passed
through the anulus, and redirected through the band.
Resection of the valve segment required 4.2 minutes. Band
suture placement with knot tying took 3.9 ± 1.4 minutes each
(mean ± standard deviation). Total valve repair time was 2
hours 35 minutes. The woman was discharged on the fifth
postoperative day without complications. Postoperative trans-
esophageal echocardiography showed no mitral insufficiency.
Conclusions. In May of 1997, Carpentier and Mohr inde-
pendently performed the first mitral valve repairs using a pro-
totype of this robotic device. The “micro-wrist” permits
intracardiac instrument articulation with the 7 degrees of
freedom offered by the human wrist. The surgeon operates
from a master console using 3-dimensional vision. Filtered
and scaled movements are effected in a robotic slave that dri-
ves intracardiac articulated instruments. Recently, Lange in
Munich completed a totally endoscopic mitral valve repair
using the da Vinci Surgical System. Moreover, Mohr4 report-
ed over 100 mitral and coronary operations with a low oper-
ative mortality and excellent results. Grossi and coworkers
recently performed a partial mitral repair using ZEUS robot-
ic technology (Computer Motion, Inc, Goleta, Calif). This
article reports a complex repair with annuloplasty ring inser-
tion and the first use of the da Vinci Surgical System in the
United States for mitral surgery. The operative times were
longer than with conventional sternotomy. However, with
evolution of our past videoscopic mitral operations, operative
and arrest times fell markedly.3 We believe that a similar path
will follow with progressive implementation of this robotic
surgical technology. This technology may represent the final
step in the evolution toward an endoscopic mitral operation.
Future refinements in these devices are needed to apply this
new technology widely.
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Fig 2. Valve repair. Prolapsing segment resection using micro-scissors and valve forceps.
